INTRODUCTION
The Safe Drinking Water Act (Public Law 93-523) includes provisions for the protection of underground sources of drinking water. Specifically, Part C of the Act authorizes the U.S. Environmental Protection Agency (EPA) to establish regulations to insure that underground injection of contaminants will not endanger existing or potential sources of drinking water. As set forth by EPA, the regulations require that all underground sources of water with less than 10,000 milligrams per liter (mg/L) dissolved solids be designated for protection whether they are or are not currently being used as a source of drinking water.
The geologic formations of Tennessee (Miller, 1974) have been subdivided into eight major regional aquifers separated from each other by confining units which have a broad area1 extent and a significant effect on the regional hydrology.
The purpose of this report is to describe the formations that comprise the Tertiary aquifer system of western Tennessee and to delineate zones within this aquifer that are actual or potential drinking-water sources.
This report on the Tertiary aquifer system provides generalized information on the (1) area1 and stratigraphic occurrence, (2) dissolved-solids concentrations in ground water, (3) area of use and potential use, (4) aquifer hydraulic characteristics, (5) areas of known ground-water contamination, and (6) known locations of current and potential hydrocarbon, mineral, and geothermal resources. The sequence of geologic units include loess, terrace deposits, and the Jackson, Claiborne, and Wilcox Formations (or Groups where divided) in western Tennessee.
1
The Tertiary aquifer system is composed of unconsolidated sand and gravel beds that are separated by clays and are of Quaternary as well as Tertiary age. The Quaternary aquifers consist of the alluvial and terrace deposits. The Jackson, Claiborne, and Wilcox Formations are the primary Tertiary aquifers. On a regional basis, however, the entire thickness of these Quaternary and Tertiary formations acts as a single aquifer system, with similar geology, hydrology, and water quality. Because of the similarities and since the Tertiary sands are the major aquifers in terms of area1 extent, productivity, and use, the Quaternary and Tertiary aquifers are referred to in this report as the Tertiary aquifer system. The approximate area1 extent of the Tertiary aquifer system is shown in figure 1.
Hydraulic interchange occurs among formations that make up this aquifer, and the aquifer is used throughout its area of occurrence in Tennessee. Water quality is generally good to excellent, with less than 1,000 mg/L dissolved solids. Thus, the Tertiary aquifer system is classified as an underground drinking-water source under the criteria defined by EPA, and as such, does not qualify for receiving injected wastes.
GEOLOGY
The geologic formations that make up the framework of the aquifer system are unconsolidated sediments of Quaternary and Tertiary age. The formations possess high primary (intergranular) porosity and consist of interbedded sands and clays, with minor zones of gravel and silt. They were deposited in the structural trough of the Mississippi embayment, which has its axis approximately coincident with the Mississippi River; thus in Tennessee, the aquifer is thickest at the western edge of the State. There are two major water-bearing units in the Tertiary aquifer system. They are the "500-foot sand," also known as the Memphis Sand, of the Claiborne Group and the "1,400-foot sand," or Fort Pillow Sand, of the Wilcox Group. Contours on the base of the aquifer (top of the Porters Creek Clay) and the locations where lines of cross section have been constructed for this report are shown in figure 2. The cross sections (figs. 3-6) show the generalized structure of the formations that occur in western Tennessee. The geologic and hydrologic character of the formations that comprise the Tertiary aquifer system are described in table 1.
The geology of the Tertiary and younger formations has been described in detail in a number of published reports, including Schneider and Cushing (1948) , Schneider and Blankenship (1950) , Stearns and Armstrong (1955) , Shreurs and iv\archer (1959) , Cushing and others (1964) , Moore (1965) , Boswell and others (1968) , Hosman and others (1968) , Moore and Brown (1969) , Wilson and Criner (1969) , and Russell and Parks (1975) . Data in M ilhous (1959) were used to supplement unpublished geophysical logs in constructing the cross sections.
HYDROLOGY
The Tertiary aquifer system can be summarized as being a highly permeable groundwater reservoir with a huge storage capacity. It is recharged by rainfall on the outcrops of the formations that comprise the aquifer system and in areas where they are overlain by permeable deposits. Water in the permeable formations of the aquifer system is under confined conditions except in the outcrop areas or in terrace deposits and alluvium that are overlain by loess.
Ground-water flow in the confined aquifers is generally toward the west and south, downdip away from the outcrop. Flow in unconfined aquifers is toward local streams where it is discharged. Water levels vary seasonally in response to changes in natural discharge and recharge, and to a lesser extent to withdrawals from wells. Ground-water flow and the significant components of the geohydrologic system are shown in figures 7 and 8. Interformational flow between the Claiborne and Wilcox is generally not a significant part of the regional flow pattern. Previous studies in Mississippi have separated the units that comprise the Claiborne and Wilcox Formations into several distinct aquifers (Hosman and others, 1968; Boswell, 1976; Newcome, 1976; Gandl, 1981) . For this study, the two formations are considered as one system because they have similar hydrology and similar water quality. Modeling studies (Brahana, U.S. Geological Survey, written commun., 1982) and field evaluations (D.R. Rima, Tennessee Department of Health and Environment, oral comm un., 1980) indicate that the confining unit between the Claiborne and the Wilcox, while effective through most of the area, does allow hydraulic interchange on a local basis.
Major wells in the Tertiary aquifer system range in depth from less than 100 to more than 1,700 feet. Wells screened in the Memphis Sand of the Claiborne Group in Shelby County yield as much as 2,000 gal/min. Wells are rarely screened through the full thickness of the aquifer; therefore, the reported yields are not the maximum yields that the aquifer is capable of providing.
The detailed hydrology of the component formations have been described in a number of published reports. The following were used to compile this atlas: Glenn (1906) ; Wells (1933) ; Schneider and Cushing (1948) ; Criner and Armstrong (1958) ; Schreurs and Marcher (1959) ; Criner and others (1964) ; Moore (1965); Nyman (1965) ; Bell and Nyman (1968) ; Boswell and others (1968); Hosman and others (1968) ; Wilson and Criner (1969); and Cushing and others (1970) .
WATER QUALITY
Analyses of water from the Tertiary aquifer system indicate relatively low dissolvedsolids concentrations throughout the area of occurrence of the aquifer. The area1 distribution of dissolved-solids concentrations of water from wells in the aquifer system is shown in figure 9, and the variation by depth and formation is given in table 2. Generalized water quality is also shown on the cross sections (figs. 3-6).
Water quality in the shallow aquifers of the alluvium and terrace deposits is locally influenced by surficial conditions and varies more in these formations than in the underlying Jackson, Claiborne, and Wilcox Formations. Ground water in the alluvium and in terrace deposits overlain by thick loess is generally hard and has high iron and dissolvedsolids concentrations. Ground water in the terrace deposits overlain by gravel and thin, deeply weathered loess is soft and has low iron and dissolved-solids concentrations.
Water from the Jackson Formation generally is not utilized because it requires treatment for most uses and has objectionable taste and odor (Wells, 1933) .
The water in the Claiborne Formation is low in dissolved solids, moderately soft, slightly acidic, and has a variable iron content. The variation in iron content is dependent on the contact of the water with clay lenses that contain iron sulfide. Nearly all municipal supplies taken from the Claiborne near the axis of the Mississippi embayment must go through aeration and filtration to remove iron.
The Wilcox Formation contains water of good quality, but is not widely used as a ground-water source except in the outcrop area and immediately downdip because potable water can be found at shallower depths. Water in the Wilcox is very soft and dissolved solids average about 100 mg/L.
In addition to much unpublished data, the following reports were used to compile information for this water-quality section: Wells (1933) ; Lanphere (1955); Criner and Armstrong (1958) ; Moore (1965); Cushing (1966); Bell and N yman (1968) ; Boswell and others (1968) ; Hosman and others (1968) ; Wilson and Criner (1969); and Cushing and others (1970) .
DRINKING-WATER USE
The Tertiary aquifer system is the most intensively used ground-water reservoir in the State, not only for drinking-water supplies, but for all uses of water. Of the total amount of water from the Tertiary aquifer system used for drinking-water supplies, more than 95 percent was pumped from sands of the Claiborne Formation, with 75 percent of the pumpage occurring in the metropolitan Memphis area. A summary of public watersupply systems that derive water from the aquifers comprising this system is listed in table 3. The location of these public supply wells and the area of use, which is coincident with the area of occurrence of the regional aquifer system, are shown in figure 10 . Although the aquifer is used extensively, it is capable of supplying significantly larger withdrawals than it presently does (Hosman and others, 1968) .
Most of the data for drinking-water supplies come from unpublished sources, primarily the Tennessee Department of Health and Environment. Historic use of water from the Tertiary aquifer is documented in Lanphere (19551, Moore (19651, Cushing and others (1970) , and Criner and Parks (1976) .
CONTAMINATION
The Tertiary aquifer system has seven sites where contamination presently has been documented (1982) . The locations are shown in figure 11 and are described and documented in table 4. Each of these areas is limited geographically; and, at this time, none is thought to pose an immediate threat to the aquifer outside of a limited area.
CURRENT AND POTENTIAL HYDKOCAKBON, MINERAL, AND GEOTHERMAL RESOURCE USE
In 1982, little use was made of the hydrocarbon, mineral, or geothermal resources of the Tertiary aquifer system. Interest in future use is primarily concerned with the lignite deposits of the Wilcox, Claiborne, and Jackson Formations. Low-sulfur lignite, suitable for steam-powered generation of electricity, is near the land surface in several places in western Tennessee ( fig. 12 ). Recent exploration in Tennessee has revealed reserves estimated in the amount of 1.0 billion tons (Parks, 1981) .
SUMMARY
The Tertiary aquifer system is composed of unconsolidated sands and gravels with interbedded clay. The major aquifers are the Tertiary age Memphis Sand of the Claiborne Group and Fort Pillow Sand of the Wilcox Group. The shallow terrace and alluvial deposits are also used as aquifers. The Porters Creek Clay acts as the lower confining unit. The largest production comes from wells screened in the Memphis Sand in Shelby County where as much as 2,000 gal/min have been produced. The aquifers supply drinking water for most municipal water systems in West Tennessee.
Water in these aquifers generally has low concentrations of dissolved solids throughout West Tennessee. Water from the Claiborne Group has some problems with high iron concentrations in some areas. 'The upper and lower clay units are confining units. The upper clay unit serves as a confining unit at the base of the "500-foot sand" and at the top of the "1.400-foot sand." The lower clay unit is the oasal confining unit of the "1.400-foot sand." The "1.400-foot sand" is a high permeability aquifer.
Regional confining unit due to its fine texture and clay composition.
Retards verticai movement of water and serves as the basal confining unit for tnis aquifer systen.
The "1 400-foot sand of the Lvijcox may yield from 400 to 1.200 gallons per minure to large wells, 
